This paper presents a function projective synchronization of two identical four scroll attractor, when the parameters of the drive system are known and fully unknown of the response system. Based on Lyapunov stability theory a control law is designed to make the states of two identical four scroll attractor asymptotically synchronized. This method is efficient and easy to implement. The numerical simulations are presented to show the effectiveness of the proposed schemes.
Introduction
Since the idea of synchronizing chaotic systems was introduced by Pecora and Carroll [1] , there has been a particular interest in chaotic synchronization, due to its potential applications in secure communication, ecological systems, system identification, etc.
Even though the synchronization phenomenon of periodic oscillators has been known for a long time, those of chaotic systems are one of the most recent results in nonlinear dynamics [2, 3] . Various synchronization phenomena are established for coupled chaotic oscillators, among them many papers are complete synchronization (CS) [4] , phase synchronization (PS) [5] , lag synchronization (LS) [6, 7] , and generalized synchronization (GS) [8, 9] .
In 1999, Mainieriand and Rehacek [10] first established the projective synchronization phenomenon and introduced the formation of projective synchronization in three -dimensional systems, and further attempted to predict the scaling factor by introducing what is called a vector field. However, they only provided a guide line of predicting the scaling factor rather than a concrete theoretical solution.
Generalized synchronization [10] [11] [12] [13] [14] [15] is another interesting chaos synchronization technique, which means that there exists a transformation maps the trajectories of the master attractor into those of the slave one. Recently, Li [16, 17] considered a new type of projective synchronization method, called a modified projective synchronization (MPS), where the response of the synchronized dynamical states synchronizes up to a constant matrix. Chen et al. [18] [19] [20] introduced another new projective synchronization which is called a function projective synchronization (FPS), where the response of the synchronized dynamical states synchronizes up to a scaling function factor [21] [22] [23] .
The object of this paper is to study the function project synchronization (FPS) of two identical four-scroll chaotic systems with known and unknown parameters. In Section 2, the function projective synchronization (FPS) between identical four-scroll chaotic systems is derived and numerical simulations are presented to show the effectiveness of the proposed method. In Section 3, the FPS between identical four-scroll chaotic systems with unknown parameters is derived and numerical simulations are presented to show the effectiveness of the proposed method. Finally, a conclusion is given in Section 4.
FPS of two identical four -scroll attractors
Before we study the problem we present the scheme of Function projective synchronization.
Function projective synchronization for four scroll attractor
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The chaotic drive system and response system can be given in the following form is the vector controller which will be designed later.
Definition 1:
For the drive system (1) and the response system (2), it is said that the system (1) and the system (2) are function projective synchronization (FPS) if there exists a scaling function matrix ) (x , the modified projective synchronization will appear, i.e. the MPS is also the special case of the proposed scheme.
Consider the four-scroll attractor [24 -26] can be described by the following system:
where a, b and c are positive control parameters. This system bridges the gap between the Lorenz and Chen attractors [27 -30] . System (5) has five equilibria, and does not have Hopf and pitch bifurcations [25, 26] . Of most interesting is the observation that this chaotic system not only can display a tow-scroll chaotic attractor when 5 We will study the FPS of two identical four-scroll chaotic systems with known parameters and determine the controller function for the FPS of the drive and response systems. For simplifying the problem, we denote the three state variables of the drive system by the subscript 1, and the response system by the subscript 2. Our aim is to design a controller and make the response system trace the drive system and become ultimately the same. The four-scroll system, as a drive system, is described by the following equations: 
is the controller function will be designed latter. 
are constants. The error dynamical system between the drive system (6) and response system (7) 
Thus, the error dynamical system between (5) and (6) 
If the controllers are chosen as 2  1  31  2  2  1  1  1  31  1  1  32  3   2  1  21  2  2  1  1  1  21  1  1  22  2   2  1  11  1  1  12  1  1  1  11  2  2 
then the error dynamical system (8) is described by converge to zero as time t tends to infinity. Hence the FPS between two identical four-scroll chaotic systems is achieved.
Numerical Results
By using Maple 14, we select the parameters of the four-scroll attractor as 
FPS of two identical four scroll attractor with unknown parameters
The FPS means that the state vectors of master system with unknown parameters and slave systems with estimate parameters synchronize up to some nonzero scaling function i h , that is, the state vectors of the systems become propor-tional. Our goal is to make FPS between two four scroll chaotic systems by using nonlinear control scheme when the parameter of the master system is unknown and different with those of the slave system. We denote the three state variables of the drive system by the subscript 1, and the response system by the subscript 2. The four-scroll system, as a drive system, is described by the following equations: are uncertain parameters of the slave system which needs to be estimated, 3 2 1 , u and u u are the nonlinear control will be designed latter.
For this purpose, the error dynamical system between the drive system (11) and response system (12) (   1  32  1  31  2  1  22  1  21  2  1  12  1 The following control laws and update control laws for system (13) are designed: 2  1  31  2  2  1  1  1  31  1  1  32  3   2  1  21  2  2  1  1  1  21  1  1  22  2   2  1  11  1  1  12  1  1  1  11  2  2 Then the error system can be rewritten as: , (11) and (12) will occur by the adaptive control law (14) and update law (15) . 
The time derivative of the Lyapunov function along the trajectory of error system (13) is (   2  3  2  2  2  1  2  2  2  2  3  2  2  2  1  2  2  2  2  3  2  2  2  2  2  1  2  2  2  2  2 Therefore, the slave system (11) synchronizes the master system (12) in the sense of FPS.
Numerical Results:
By using Maple 14 to solve the systems of differential equations (11), (12) , (14) and (15) . The initial values of the drive system and response system are taken as, 
Conclusions
In this paper the function projective synchronization between two identical chaotic systems with known and unknown parameters are demonstrated. The proposed scheme is successful in achieving function projective synchronization of four-scroll chaotic attractor and can be applied to similar chaotic systems. By the Lyapunov stability theory, the sufficient condition of the function projective synchronization has been obtained. Numerical simulations are used to verify the effectiveness of the proposed control techniques.
